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DRAFT AMEND AFTER FINAL FOR DISCUSSION ONLY Serial No 
09/801,855 

In The FIGURES 

Please Amend FIG. 3B in accordance with the enclosed proposed change to that Figure. Namely 
add the label -PRIOR ART— to the FIG. 3B 

In The Claims 

1 . (Twice Amended) A semiconductor device comprising; 
a semiconductor substrate having a principal surface of a first conductivity type; 

a second conductivity type region, having an island shape, formed on the principal surface of said 
semiconductor substrate [by introducing impurities of a second conductivity type by a plurality of ion 
implantation steps so as to have a smooth] , wherein the second conductivity type region has an imp urity 
concentration profile in a depth direction of the semiconductor substrate; 

a highly doped first conductivity type region formed inside said second conductivity type region [by 
introducing impurities of the first conductivity type] wherein said impurity concentration profile of said 
second conductivity type regio n changes gently in the depth di rection of the semiconductor substrate and 
has a gentle peak at a depth that is greater than a junction depth of said first conductivity type region ; 

a trench formed in the semiconductor substrate extending from a surface of said first conductivity type 
region [so as] to [reach] at least said second conductivity type region on said [first] semiconductor 
substrate; 

an insulation film formed on an irmcr wall surface of said trench; and 1 

an electrode portion made of polycrystalline silicon [filled in] filling said trench [with said insulation 
film interposed therebetween] 1 such_tha t said insulation film is located between said electrode portion 
and said inner wall surface . 

2. (Unchanged) The semiconductor device according to claim 1, wherein said electrode portion is formed 
to have a T-shaped cross section composed of a first part filling the trench and a second part protruding 
on the principal surface of the semiconductor substrate. 
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3. (Once Amended) A semiconductor device comprising: 

a semiconductor substrate having a pnncipal surface of a first conductivity type; 

a s<xond conductivity type region formed on the pnncipal surface of said semiconductor substrate 
[having an island shape hy introducing impurities of a second conductivity type]; 

a highly doped first conductivity type region formed inside said second conductivity type region [by 
introducing impurities of the first conductivity type at high concentration]; 

a plurality of first trenches A each extending from a surface of said highly doped first conductivity type 
region [so as] to reach at least said second conductivity type region on said [first] semiconductor 
substrate , thereby defining a channel portion on an i"™r surface of each of the first trenches: 

an insulation film formed on the [an] inner wall surface of each of the first trenches; 

an electrode portion made of polycrystalline silicon [filled in] filling each of the first trenches [with said 
insulation film interposed therebetween] su ch that said i n sulation fil m is loc ated between said electrode 
portion and said inner wall surface : 

a plurality of second trenches formed inside said second conductivity type region so that each of the 
second trenches is positioned between an adjacent pair of said first trenches [in parallel with said first 
trenches]; [and] 

a second conductivity type protrusion region which protrudes downwardly, wherein the second 
rrmductivitv tvo* pmtnurion region forms [formed with] a junction thatis deeper than a junction of said 
second conductivity type nf"", lh ? pmtrminn region being positioned beneath the second trench; and 
[by introducing impurities of the second conductivity type through each of said second trenches by ion 
implantation] 

a second con ductivity type h i ghly doned regio n having an impurity concentration higher than that of the 
protrusion region, wherein the de p* " f ^ <"™d conductiv ity tvne highly doped re^on is less than that 
of the junction of said nrou-us' ™ the second conductivity type highly doped region is located 

beneath the second trench, and wherein the p rotrusion retno n encompasses the second conductivity type 
highly doped region . 
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4. (Unchanged) The semiconductor device according to claim 3 r wherein said electrode portion is formed 
to have a T-shaped cross section composed of a first part filling the trench and a second part protruding 
on the principal surface of the semiconductor substrate. 



5. (Unchanged) The semiconductor device according to claim 3, further comprising: 

an electrode electrically connecting said highly doped first conductivity type region to said second 

conductivity type protrusion region through said second trench. 



6. (Unchanged) The semiconductor device according to claim 3, further comprising a portion of the 
second conductivity type region disposed between an adjacent pair of the first trenches, where the second 
trenches are not formed, wherein the portion is in an electrically floating state. 



7. (Once Amended) The semiconductor device according to claim 3, further comprising: 
a first electrode provided in one of said second trenches for electrically connecting the second 
conductivity type protrusion region to the highly doped first conductivity type region through the one of 
the second trenches; 

a second electrode provided in another one of said second trenches for electrically connecting the second 
conductivity type protrusion region to the highly doped first conductivity type region through the another 
one of the second trenches, the second electrode being disposed adjacent to the first electrode; 

wherein one of adjacent pair of the first and second electrodes is in an electrically floating state. 



8. (Once Amended) The semiconductor device according to claim 5, wherein said second conductivity 
type [further comprising a] highly doped region contacts [contacting] said electrode, and is disposed 
between the electrode and the second conductivity type protrusion region. 
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11. {Once Amended) The semiconductor device according to claim 1 , further comprising: 

a plurality of electric field alleviating Tegtons [formed by introducing impurities] of the second 
conductivity type formed in a strip-wise shape so as to enclose a peripheral portion of said second 
conductivity type region. 

12. (Once Amended) The semiconductor device according to claim 11, wherein each of the electric field 
alleviating regions is composed of: 

a strip-wise third trench; and 

a second conductivity type deep region encompassing [formed through] the strip-wise third trench. 

13. (Once Amended) The semiconductor device according to claim 11, wherein each of the electric field 
alleviating regions has a pn junction that is deeper than a pn junction of said second conductivity type 
region. 

14. (Once Amended) The semiconductor device according to claim 11, wherein said semiconductor 
device is constituted as a gate driving type power element for controlling a conduction state between a 
back surface of said semiconductor substrate and said highly doped first conductivity type region by 
using said electrode portion as a control electrode. 
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29. (New) The semiconductor device according to claim 1, wherein the semiconductor substrate 
comprises: 

a second conductivity type semiconductor layer; and 

a first conductivity type semiconductor layer located on the second conductivity type 
semiconductor layer, wherein the principal surface of the first conductivity type is a surface of the 
semiconductor substrate. 



30. (New) The semiconductor device according to claim 3, wherein the semiconductor substrate 
comprises: 

a second conductivity type semiconductor layer; and 

a first conductivity type semiconductor layer located on the second conductivity type 
semiconductor layer, wherein the principal surface of the first conductivity type is a surface of the 
semiconductor substrate. 



31. (New) The semiconductor device according to claim 6, wherein the semiconductor substrate 
comprises: 

a second conductivity type semiconductor layer; and 

a first conductivity type semiconductor layer located on the second conductivity type 
semiconductor layer, wherein the principal surface of the first conductivity type is a surface of the 
semiconductor substrate. 



32. (New) The semiconductor device according to claim 7, wherein the semiconductor substrate 
comprises: 

a second conductivity type semiconductor layer; and 
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a first conductivity type semiconductor layer located on the second conductivity type 
semiconductor layer, wherein the principal surface of the first conductivity type is a surface of the 
semiconductor substrate. 



33. (New) The semiconductor device according to claim 12, wherein the semiconductor substrate 
comprises: 

a second conductivity type semiconductor layer; and 

a first conductivity type semiconductor layer located on the second conductivity type 
semiconductor layer, wherein the principal surface of the first conductivity type is a surface of the 
semiconductor substrate. 
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34. (New) A semiconductor device comprising: 

a first semiconductor layer of a first conductivity type; 

a trench MOS structure formed on the first semiconductor layer, wherein the trench MOS structure 
includes: 

a second semiconductor layer of a second conductivity type located on trie first scmiconductor 
laycr; 

a first trench penetrating the second semiconductor layer to the first semiconductor; 

a first conductivity type doped region located inside the second semiconductor layer and proximate 
to an inlet portion of the first trench, thereby a channel portion is defined on a sidewall surface of 
the first trench between the first conductivity type doped region and the first semiconductor layer; 

an insulation film located on an inner wall surface of the first trench; 

a gate electrode located in the first trench such that the insulation film is located between the inner 
wall surface and the gate electrode; 

a second trench located in the second conductivity type region and positioned away from the first 
trench; 

a second conductivity type protrusion region having a junction depth that is greater than the 
junction depth of the second semiconductor layer, the protrusion region being positioned beneath 
the second trench; and 

a second conductivity type doped region that has an impurity concentration higher than that of the 
protrusion region, wherein the second conductivity type doped region has a diffusion depth that is 
less than the junction depth of the protrusion region, the second conductivity type doped region is 
positioned beneath the second trench, and the protrusion region encompasses the second 
conductivity type doped region; and 

an upper electrode, which contacts the first conductivity type doped region of the trench MOS structure 
through the second trench. 
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35. (New) The semiconductor device according to claim 34 ; further comprising a third semiconductor 
layer of a second conductivity type, the third semiconductor layer being located on a rear surface of the 
first semiconductor layer, opposite to the second semiconductor layer. 

36. (New) The semiconductor device according to claim 35, further comprising a lower electrode 
contacting the third semiconductor layer. 

37. (New) The semiconductor device according to claim 34, wherein the junction depth of the second 
conductivity type protrusion region is greater than the depth of the first trench. 
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38. (New) A semiconductor device comprising: 

a first semiconductor layer of a first conductivity type; 

a trench MOS structure formed on the first semiconductor layer, comprising: 

a second semiconductor layer of a second conductivity type located on the first semiconductor 
layer, 

a first trench penetrating the second semiconductor layer to the first semiconductor layer; 

a first conductivity type doped region located inside the second semiconductor layer and proximate 
to an inlet portion of the first trench, wherein a channel portion is defined on a sidewall surface of 
the first trench between the first conductivity type doped Tegion and the first semiconductor layer; 

an insulation film located on an inner wall surface of the first trench; and 

a gate electrode located in the first trench such that the insulation film is located between the inner 
wall surface and the gate electrode; 

a second conductivity type island located on the first semiconductor layer and adjacent to the second 
semiconductor layer of the trench MOS structure, the second conductivity type island being isolated from 
the second semiconductor layer and being in an electrically floating state; and 

an upper electrode, which contacts the first conductivity type doped region of the trench MOS structure 
through the second trench, wherein the upper electrode is isolated from the second conductivity type 
island. 

39. (New) The semiconductor device according to claim 38, wherein the trench MOS structure further 
comprises a second conductivity type protrusion region, the junction depth of which is greater than the 
junction depth of the second semiconductor layer, and wherein the protrusion region is positioned away 
from the first trench. 



-10- 



SZ\L 182 ^18 d *9 QIAUQ dO S33IddO HUH UUZl'S E003 61 83d 



[awn pjepue*s Luajseg] mstW-Ol ZQtGifZ Je < 9CIA 182 IIS > wojj psAiaaay 



DRAFT AMEND AFTER FINAL FOR DISCUSSION ONLY Serial No. 
09/801,855 

40. (New) The semiconductor device according to claim 39 ; wherein the trench MOS structure further 
comprises a second trench located in the second conductivity type region and positioned away from the 
first trench, the protrusion region being positioned beneath the second trench. 

41. (New) The semiconductor device according to claim 39, wherein the trench MOS structure further 
comprises a second conductivity type doped region having an impurity concentration higher than that of 
the protrusion region, wherein the second conductivity type doped region has a diffusion depth that is 
Less than the junction depth of the protrusion region, and wherein the protrusion region encompasses the 
second conductivity type doped region. 

42. (New) The semiconductor device according to claim 39, wherein the junction depth of the second 
conductivity type protrusion region is greater than the depth of the first trench. 

43. (New) The semiconductor device according to claim 38, further comprising a third semiconductor 
layer of a second conductivity type located on a rear surface of the first semiconductor layer opposite to 
the second semiconductor layer and opposite to the second conductivity type island. 

44. (New) The semiconductor device according to claim 43, further comprising a lower electrode 
contacting the third semiconductor layer, 

45. (New) The semiconductor device according to claim 39, further comprising a third semiconductor 
layer of a second conductivity type located on a rear surface of the first semiconductor layer opposite to 
the second semiconductor layer and opposite to the second conductivity type island 

46. (New) The semiconductor device according to claim 45, further comprising a lower electrode 
contacting the third semiconductor layer, 
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47. (New) The semiconductor device according to claim 41, further comprising a third semiconductor 
layer of a second conductivity type located on a rear surface of the first semiconductor layer opposite to 
the second semiconductor layer and opposite to the second conductivity type island. 

48. (New) The semiconductor device according to claim 47, further comprising a lower electrode 
contacting the third semiconductor layer. 

49. (New) The semiconductor device according to claim 42, further comprising a third semiconductor 
layer of a second conductivity type located on a rear surface of the first semiconductor layer opposite to 
the second semiconductor layer and opposite to the second conductivity type island. 

50. (New) The semiconductor device according to claim 49, further comprising a lower electrode 
contacting the third semiconductor layer. 
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51 . (New) A semiconductor device comprising: 

a first semiconductor layer of a first conductivity type; 

a second semiconductor layer of a second conductivity type located on the first semiconductor 

layer; 

a first trench penetrating the second semiconductor layer to the first semiconductor layer, 
wherein the second semiconductor layer is divided into a first portion and a second portion, the second 
portion being isolated from the first portion; 

a first doped region of a first conductivity type located inside the first portion and proximate to 
an opening of the first trench; 

a second doped region of a first conductivity type located inside the second portion and 
proximate to the opening of the first trench; 

an insulation film located on an inner wall of the first trench; 

a gate electrode located in the first trench, wherein a first trench MOS structure is collectively 
formed with the first semiconductor layer, the first portion and the first doped region, and a second 
trench MOS structure is collectively formed with the first semiconductor layer, the second portion and 
the second doped region; and 

an upper electrode contacting the first doped region and the first portion of the first trench MOS 
structure, wherein the second doped region and the second portion of the second trench MOS structure 
are in an electrically floating state. 

52. (New) The semiconductor device according to claim 51, wherein the first trench MOS structure 
further comprises a second conductivity type protrusion region having a junction depth that is greater 
than a junction depth of the first portion of the second semiconductor layer, the protrusion region being 
positioned away from the first trench. 
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53. (New) The semiconductor device according to claim 52, wherein the first trench MOS structure 
further comprises a second trench located away from the first trench, the protrusion region hcing 
positioned beneath the second trench. 

54. (New) The semiconductor device according to claim 52, wherein the first trench MOS structure 
further comprises a second conductivity type doped region having an impurity concentration higher than 
that of the protrusion region and having a diffusion depth that is less than the junction depth of the 
protrusion region, and wherein the protrusion region encompasses the second conductivity type doped 
region. 

55. (New) The semiconductor device according to claim 52. wherein the junction depth of the second 
conductivity type protrusion region is greater than the depth of the first trench. 

56. (New) The semiconductor device according to claim 51, further comprising a third semiconductor 
layer of a second conductivity type located on a rear surface of the first semiconductor layer opposite to 
the second semiconductor layer. 

57. (Mew) The semiconductor device according to claim 56, further comprising a lower electrode 
contacting the third semiconductor layer. 

58. (New) The semiconductor device according to claim 52, further comprising a third semiconductor 
layer of a second conductivity type located on a rear surface of the first semiconductor layer opposite to 
the second semiconductor layer. 

59. (New) The semiconductor device according to claim 58, further comprising a lower electrode 
contacting the third semiconductor layer. 
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60. (New) The semiconductor device according to claim 54, further comprising a third semiconductor 
layer of a second conductivity type located on a rear surface of the first semiconductor layer opposite to 
the second semiconductor layer. 

61. (New) The semiconductor device according to claim 60, further comprising a lower electrode 
contacting the third semiconductor layer. 

62. (New) The semiconductor device according to claim 55, further comprising a third semiconductor 
layer of a second conductivity type located on a rear surface of the first semiconductor layer opposite to 
the second semiconductor layer. 

63. (New) The semiconductor device according to claim 62, further comprising a lower electrode 
contacting the third semiconductor layer. 
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